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Objective: To evaluate the measurement properties of an Internet-based self-administered questionnaire
in ascertaining cases of hip and knee osteoarthritis (OA).
Methods: Questionnaire data from 4269 Canadian subjects aged 45e85 were collected on hip and knee
joint health including self-reported items on medically-diagnosed hip and knee OA and joint replace-
ment. A sub-cohort of 100 subjects was recruited for clinical examination. The self-reported outcomes
were evaluated using the American College of Rheumatology clinical classiﬁcation criteria for hip and
knee OA as the gold standard for clinical veriﬁcation. Analysis was at the joint level (200 knees, 200 hips).
Validity was examined using sensitivity, speciﬁcity, and predictive values; to account for correlated joints
of the same subject, bootstrapping was performed to yield valid 95% conﬁdence interval (CI’s).
Results: Self-reported measures for a medical diagnosis of knee OA had a positive predictive value of 86%,
negative predictive value 91%, sensitivity 73% and speciﬁcity 96% for correctly identifying clinical knee
OA. For hip OA, the values were 61%, 98%, 81% and 94% respectively.
Conclusion: Internet self-report of medically-diagnosed hip and knee OA in metro Vancouver residents
correctly identiﬁed most cases and non-cases of clinical OA when compared with the ACR clinical
classiﬁcation criteria gold standard. In particular, speciﬁcity was very high, important in risk factor
studies due to the profound effect of even small losses in speciﬁcity on the measure of association. The
ﬁndings provide evidence that these questionnaire case deﬁnitions have utility for identifying hip and
knee OA in community and population-based studies when the purpose is to link potential risk factors
with knee and hip health.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Although hip and knee osteoarthritis (OA) are among the
most prevalent health problems and are a major cause of
disability, health care utilization and diminished quality of life1,
modiﬁable risk factors have not been completely deﬁned and
effective preventive and interventional strategies have yet to be
delineated.o: C. Ratzlaff. Brigham and
unology, and Allergy, Room
A 02115, USA. Tel: 1-617-939-
cratzlaff@bhw.harvard.edu
s Research Society International. PLarge population-based studies are required to address these
issues and an important question is the method used to deﬁne OA
cases. Our research group conducted the Physical Activity and
Joint Health (PAJH) study from 2005 to 2007, a Canadian
population-based cohort study using Internet-based data collec-
tion and have subsequently published risk factor studies on the
inﬂuence of lifetime physical activity on development of hip and
knee OA2e4. In order to identify OA cases in the PAJH cohort study,
the literature was reviewed and several previously validated self-
report questionnaire items5e7 were adopted and pilot tested for
inclusion. These included questions on medically-diagnosed hip
and knee OA. The purpose of this validity study was to estimate
the measurement properties of two Internet-based case deﬁni-
tions for determining hip and knee joint status, using the Amer-
ican College of Rheumatology (ACR) clinical classiﬁcation criteria
as a gold standard, in a sub-sample drawn from the larger PAJH
study.ublished by Elsevier Ltd. All rights reserved.
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Subjects from the PAJH study
The validation study was nested in the PAJH cohort study,
a population-based, Internet study, with 4269 subjects recruited
from the Canadian Association of Retired Persons, Canada’s largest
50-plus advocacy group with 350,000 members. Baseline data for
the PAJH study were carried out in 2005 and annual follow-ups
conducted in 2006 and 2007. Subjects were recruited via direct
e-mail and an online newsletter. Recruitment, enrolment and data
collection have been described elsewhere2,3. The purpose of the
PAJH study was to examine the inﬂuence of lifetime physical
activity on the risk of knee and hip joint health, with an ultimate
goal of informing prevention strategies. Consequently, early cases
of hip and knee OA were of considerable interest.Fig. 1. Subject recruitment.Self-report items from the population-based online PAJH
questionnaire (reported at baseline or follow-up)
In developing case-ﬁnding questions for the PAJH survey, we
reviewed the literature to determine previously validated items on
identifying hip and knee joint health status5e7. Previous questions
were then further developed by a panel of senior scientists and
experiencedmusculoskeletal MSK clinicians representing expertise
in epidemiology, survey research, rheumatology, orthopaedics and
physical therapy. Based onmeasurement properties of the previous
items, the opinion of our panel, and pilot testing, we reﬁned the
previous items by asking about medically-diagnosed joint-speciﬁc
(knee and hip separately) OA. Part of the rationale was that many
of the risk factors (e.g., occupation, injury, bodyweight) are joint
speciﬁc and may be representative of different phenotypes of OA.
Further, much of the epidemiologic data is from radiographic OA
which by deﬁnition is joint speciﬁc. We also asked for conﬁrmation
and distinction from rheumatoid arthritis (RA) and osteoporosis in
a subsequent question. These decisions were due to the experience
of members of our research team with the Canadian Community
Health Survey (CCHS, roughly an analogue to theNational Health and
Nutrition Examination Survey (NHANES) questionnaire in the United
States), in which people confused RA and OA, and OA and osteopo-
rosis. Two modiﬁcations from previous questionnaires were made
for the hip. First, the hip questions were preceded by a diagram
depicting areas of pain common to hip OA. Second, the phrase ‘groin
and upper thigh pain’ (rather than hip pain) was used in the survey,
which the panel felt was more speciﬁcally related to hip OA and
could reduce false positives from non-OA related causes of pain. Both
hip and knee case deﬁnitions were developed in an iterative fashion,
using principles of construct validation, including online pilot testing
and clinical validation prior to their implementation in the survey.
Two case deﬁnitions were examined. Self-reported medically-
diagnosed knee OAwas deﬁned as a “yes” answer to “Have you ever
been diagnosed by a health professional with OSTEOARTHRITIS of
the knee? (Please note that OA, RA, and osteoporosis are different
conditions).” Self-reported medically-diagnosed hip OA was
deﬁned as a “yes” answer to “Have you ever been diagnosed by
a health professional with OSTEOARTHRITIS of the hip? (Please
note that OA, RA, and osteoporosis are different conditions).”
The PAJH online survey system utilized skip logic which resulted
in afﬁrmative responses to case-ﬁnding questions leading to
further questions on side of involvement and side-speciﬁc history.
For example, if there was a afﬁrmative response to the question
enquiring about medically-diagnosed hip OA, skip logic software
drove the questionnaire to the following question e ‘Do you have
OA in the right hip, left hip or both hips?’ Again, afﬁrmative responsesled to further questions on age at diagnosis, onset of symptoms, and
joint replacement surgery for each side involved.
Subjects for the validation study
The inclusion criteria for the current validity study were:
(1) completion of at least the baseline PAJH survey; (2) subject
permission for future contact and provision of contact information;
and (3) residency in the Southwest region of British Columbia,
Canada (area code 604) which includes the metro Vancouver
region. Of the 4269 subjects from across Canadawho completed the
baseline questionnaire, letters of invitationwere sent to all subjects
from the larger cohort who lived in the metro Vancouver area
(n¼ 283) and had provided contact information and permission for
future contact (n ¼ 275) (Fig. 1). Incentives included a $25 hono-
rarium and free parking.
A sub-cohort (the ﬁrst 100 subjects to respond and conﬁrm
participation) was assembled for face-to-face interviews and
a clinical examination conducted at the Arthritis Research Centre of
Canada (ARC). Both knees and both hips of the 100 subjects were
evaluated via the online self-report questionnaire and via the
clinical examination to collect data required to apply the gold
standard.
Gold standard e ACR clinical classiﬁcation criteria for OA
The 100 sub-cohort subjects underwent a standardized clinical
interview and examination that included all criteria comprising the
ACR clinical classiﬁcation criteria for OA of the hip and knee8,9
(Table I). Interviews were conducted by a trained research assis-
tant using a standardized clinical questionnaire (previously pilot
tested and adopted by ARC). The interview enquired about pain
(‘knee pain onmost days of themonth’ and ‘knee pain onmost days
of the prior month’) and symptoms (e.g., stiffness), diagnostic
history and previous surgery. Following the interview a standard-
ized knee and hip examination was conducted with the examiner
Table I
Gold standard: modiﬁed and original ACR clinical criteria for classiﬁcation for OA of
the hip and Kneez,8,9
Hip* Kneey
Hip painz on most days of
the month and
1. Hip internal rotation
15 and





Knee painz on most days of the month in
addition to three of the following:
1. Crepitus
2. Morning stiffness <30 min duration
3. Age >50 years
4. Bony enlargement of knee on
examination
5. Bony tenderness of knee on
examination
6. No palpable warmth
* 86% sensitive, 75% speciﬁc.
y 95% sensitive, 69% speciﬁc.
z The original ACR clinical criteria deﬁned pain as “pain on most days of the prior
month”. The modiﬁed ACR clinical criteria deﬁned pain as “pain on most days of the
month”.
Table II





Age, yr 63.3 (7.2) 61.5 (7.6)
Sex, (%) 46% 37%
Male
BMI 27.4 (4.9) 27.3 (5.9)
Self-reported medical diagnosis
Knee OA 21% 20%
Hip OA 14% 10%
Level of education, %
College/University/Post Grad 54% 47%
Household income, %
<20 k 5% 6%
20e40 k 20% 19%
40e60 k 18% 19%
60e80 k 10% 14%
80e99 k 6% 8%
100 kþ 18% 9%
* Means (SD) and percents (%).
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exam followed a standardized format as outlined in Cibere et al.10,11
These two studies on hip and knee examination demonstrated
good reliability for physical exam tests that are part of the ACR
clinical classiﬁcation criteria for the hip and knee. The examiner
was an experienced orthopaedic physical therapist who underwent
training sessions with a rheumatologist (lead author of the stan-
dardized exam studies10,11) to conﬁrm accurate examination tech-
nique. In a previous study at ARC, there was excellent agreement
between a physical therapist (PT) examiner and the same rheu-
matologist (JC) with overall agreement on knee OA diagnosis of
96%12. Since potentially there were subjects who self-reported
medical diagnosis of hip or knee OA that subsequently received
a total joint replacement (TJR) (and no longer met ACR clinical
criteria), presence or absence of surgical evidence of a TJR proce-
dure was conﬁrmed and taken as conﬁrmation of self-reported
medical diagnosis of OA. Ethics approval was obtained from the
University of British Columbia Clinical Research Ethics Board and
informed consent obtained prior to the interview and examination.
Analysis
The unit of analysis was the joint (not the person) and included
200 knees and 200 hips. The ACR clinical classiﬁcation criteria were
used as the gold standard8,9 (Table I). One slight modiﬁcation was
made. Since the ACR clinical criteria were not designed for epide-
miological use (though often used as such) and have been linked
with increased disease severity, they likely underestimate disease
prevalence in epidemiological studies, missing early disease13,
particularly since they require pain on most days of the prior
month. Since the parent cohort study was interested in capturing
early disease outcomes, the deﬁnition of symptom duration was
modiﬁed from ‘knee pain on most days of the prior month’ to ‘knee
pain onmost days of themonth’ (i.e., modiﬁed ACR clinical criteria).
Speciﬁcally, this was done to reﬂect the episodic, ﬂuctuating course
of early and moderate disease. For comparison, self-report knee
data were also tested against ACR clinical criteria using the deﬁ-
nition of knee pain originally part of the ACR criteria, ‘pain on most
days of the prior month’ (i.e., original ACR clinical criteria).
Validity properties of hip and knee self-reported case deﬁnitions
on medically-diagnosed OAwere compared to the gold standard by
calculating sensitivity, speciﬁcity, negative and positive predictive
values (NPV, PPV). To account for correlated joints of the same
subject, a bootstrapping techniquewas performed that involved re-
sampling at the subject level to yield valid standard errors used for
95% conﬁdence interval (CI’s).A sub-analysis was carried out across sociodemographic strata.
We compared the measurement properties of the knee case deﬁ-
nition for dichotomous strata of age (45e64 vs 65e85), household
income (60 k/year vs <60 K year) and education level (at least
some college/university vs no college/university). Predictive values,
sensitivity and speciﬁcity, along with 95% CIs were calculated.
Results
Compared to the overall PAJH survey sample, the 100 sub-
sample subjects were slightly older, less likely to be female, had
similar rates of self-reportedmedically-diagnosed knee and hip OA,
were more likely to be university educated, and be in the highest
income bracket (Table II).
Two by two tables comparing self-reported medically-diag-
nosed OA to the gold standard as well as predictive values, sensi-
tivity, and speciﬁcity are reported in Table III. The highest values
were for speciﬁcity and NPVs for both the knee and hip, while the
lowest was for PPV of the hip (0.61). Therewere 11 self-reported TJR
cases due to OA (four knees, seven hips) that were all validated by
determination of joint replacement status on physical examination.
When the deﬁnition of knee pain originally part of the ACR
clinical criteria (pain most days of priormonth) was used as part of
the gold standard in conjunction with the other ACR clinical
criteria, the NPV sensitivity and speciﬁcity were similar, while the
PPV was reduced (0.58 vs 0.86) (Table III).
The sub-analyses investigating measurement properties on
sociodemographic strata are presented in Table IV. No statistically
signiﬁcant differences were found, whichmay have been due to the
reduced sample sizes in the sub-strata. Most point estimates were
similar between the strata, with the exception of sensitivity
between those with at lease some college/university (0.84; 95% CI
0.66, 0.93) and those with no college/university (0.60; 95% CI 0.40,
0.76).
Discussion
This validity study of metro Vancouver residents found that
Internet-based questions and case deﬁnitions can correctly identify
most cases and non-cases of self-reported hip and knee OA and TJR
when compared with a modiﬁed ACR clinical classiﬁcation criteria
gold standard. Consistent with previous community-based postal
questionnaires6,14, the greatest accuracy is achieved by asking
about self-report of a medical diagnosis of OA.
Table III
(a) Sensitivity, speciﬁcity, positive and negative predictive values, with 95% CI, for Internet-based case deﬁnitions of self-reported medically-diagnosed OA* (b) Comparison of
self-reported and observed knee and hip OAzz
(a) PVS NPS Sensitivity Speciﬁcity
Question
ACR clinical criteria (Knee)y
Self-reported medically-diagnosed knee OAmodiﬁed ACR criteriaz 0.86 (0.74, 0.95) 0.91 (0.86, 0.95) 0.73 (0.59, 0.89) 0.96 (0.92, 0.99)
Self-reported medically-diagnosed knee OAoriginal ACR criteria** 0.58 (0.43, 0.72) 0.94 (0.90, 0.98) 0.74 (0.58, 0.88) 0.89 (0.84, 0.93)
ACR clinical criteria (Hip)yy
Self-reported medically-diagnosed hip OA 0.61 (0.52, 0.70) 0.98 (0.97, 0.99) 0.81 (0.64, 0.97) 0.94 (0.91, 0.97)
(b) Gold standard
Knee (modiﬁed ACR criteria) Clinical OAy,z No clinical OA
Self-reported diagnosis OA 37 6
No self-reported diagnosis OA 14 143
Knee (original ACR criteria) Clinical OAy,** No Clinical OA
Self-reported diagnosis OA 25 18
No self-reported diagnosis OA 9 148
Hip Clinical OAyy No Clinical OA
Self-reported diagnosis OA 17 11
No self-reported diagnosis OA 4 168
* Or clinical conﬁrmation of self-reported total joint arthroplasty for OA.
y ACR clinical classiﬁcation for OA of the knee (8).
z Knee pain on most days of the month in addition to 3 of the following: crepitus, morning stiffness <30 min duration, age >50 years, bony enlargement of knee on
examination, bony tenderness of knee on examination, no palpable warmth.
** Knee pain on most days of prior month in addition to 3 of the following: crepitus, morning stiffness <30 min duration, age >50 years, bony enlargement of knee on
examination, bony tenderness of knee on examination, no palpable warmth.
yy ACR clinical classiﬁcation for OA of the hip (9). Hip pain on most days of the month and hip internal rotation 15 and pain on hip internal rotation and morning stiffness
60 min and age >50 years.
zz Joint counts (n ¼ 200 knees, 200 hips).
C. Ratzlaff et al. / Osteoarthritis and Cartilage 20 (2012) 1568e1573 1571Of note, speciﬁcity was very high. This is critical for studies of
risk factors such as the larger cohort study in which this validity
study is nested, since low speciﬁcity (inclusion of many false
positives among cases) results in a signiﬁcant effect (attenuation) of
the measure of association e even small losses in speciﬁcity can
have a signiﬁcant impact.
The measurement properties we found are consistent with or
slightly better than other validity studies comparing self-report of
medically-diagnosed OA to a clinical reference standard5,6, but
require conﬁrmation in other populations and must be compared
cautiously with previous studies due to differences in study design,
how subjects were assembled and subject characteristics. In
particular, no other studies recruited subjects and collected self-
report data through the Internet, enquired about joint-speciﬁc
OA, nor included validity of self-reported TJR due to OA. Including
self-report (and clinical conﬁrmation) of TJR increased accuracy of
self-report, consistent with recent literature15. We also added
a qualifying statement to the question on self-reported diagnosis of
OA that has not been previously reported (“Please note that OA, RA,
and osteoporosis are different conditions”). This could have
improved the accuracy of the self-report measures and the subse-
quent measurement properties.Table IV
Sensitivity, speciﬁcity, positive and negative predictive values with 95% CI of self-repor
presence of clinical knee OA*
Question PPV
Self-reported knee OA Overall sample 0.86 (0.74, 0.95)
Sociodemographic strata:
Age 65e85 0.80 (0.54e0.93)
Age 45e64 0.89 (0.72e0.90)
Income 60 K 0.89 (0.68e0.97)
Income <60 K 0.83 (0.64e0.93)
Education college/uni 0.81 (0.63e0.91)
Education <college/uni 0.94 (0.71e0.98)
* ACR clinical classiﬁcation for OA of the knee (8). Knee pain on most days of the month
>50 years, bony enlargement of knee on examination, bony tenderness of knee on examThe PPV (proportion of those self-reporting OA who met ACR
clinical criteria) for self-report of hip OA was relatively low (17/28
hips ¼ 0.61). In examining possible reasons for the 11 false positive
reports, it is possible that these subjects did not accurately recall
the diagnosis of their doctor, or were misdiagnosed. Alternatively,
based on the discord between radiographic change and symptoms
particularly in early OA, another probable explanation is the pres-
ence of radiographic change e most often osteophytes e in the
presence of periarticular symptoms not directly related to X-ray
ﬁndings. There is also the possibility of a statistical anomalye there
were a limited number of self-reported diagnoses of hip OA (28 of
200, with 17/28 conﬁrmed). Of the 11 false positive hips, eight came
from four subjects.
Measurement properties were somewhat better with our
slightly modiﬁed deﬁnition of pain in the ACR criteria which
dropped theword ‘prior’ (painmost days of themonth vs painmost
days of the prior month) e done to capture the episodic ﬂuctuating
course of early andmoderate disease. As expected, more cases were
detected, likely because some knees met the clinical OA changes
without satisfying the deﬁnition of pain on most days of the prior
month. There was also a decrease in the number of false positives
and a moderate increase in both accurately reported OA and falseted knee OA e total sample and by sociodemographic strata, for determining the
NPV Sensitivity Speciﬁcity
0.91 (0.86, 0.95) 0.73 (0.59, 0.89) 0.96 (0.92, 0.99)
0.95 (0.85e0.98) 0.80 (0.54e0.93) 0.95 (0.85e0.98)
0.89 (0.81e0.93) 0.69 (0.53e0.82) 0.97 (0.90e0.99)
0.93 (0.85e0.96) 0.71 (0.50e0.85) 0.98 (0.92e0.99)
0.89 (0.78e0.94) 0.74 (0.55e0.86) 0.93 (0.83e0.97)
0.95 (0.88e0.98) 0.84 (0.66e0.93) 0.94 (0.87e0.97)
0.87 (0.77e0.92) 0.60 (0.40e0.76) 0.99 (0.92e0.99)
in addition to 3 of the following: crepitus, morning stiffness <30 min duration, age
ination, no palpable warmth.
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PPV, measurement properties were similar for both deﬁnitions. Of
note, NPV and speciﬁcity were high for both deﬁnitions.
To help contextualize the results from this Internet-based
sample in relation to the general population, we also compared
the measurement properties of dichotomous strata of age (45e64
vs 65e85), education level (at least some college/university vs no
college/university), and household income (60 k/year vs <60 K
year) (note: 60 k/year was the approximate median income in
Vancouver in 2006). Predictive values, sensitivity and speciﬁcity,
along with 95% CIs are presented in Table IV. While there were no
statistically signiﬁcant differences between the sub-strata (likely
due in part to small samples), the difference in sensitivity for the
two levels of education for self-reported knee OA (at least some
college/university e 0.84; 95% CI 0.66, 0.93; vs no college/univer-
sity e 0.60; 95% CI 0.40, 0.76) may be clinically meaningful and was
close to statistical signiﬁcance at the 0.05 level. It is plausible that
people with a higher level of education more accurately self-report
a speciﬁc condition (vs a general one like ‘arthritis’). We also tried
to compare characteristics of true classiﬁers and misclassiﬁers of
knee OA on sociodemographic characteristics, but lacked the
statistical power to make useful conclusions.
There are several caveats to this study. Our gold standard can
result in false positives and false negatives compared with stan-
dards that include radiographs. Radiographic osteophytes (often
KellgreneLawerence grade  2) in the presence of symptoms are
thought to represent the best deﬁnition of OA and are widely used
in OA epidemiology. However, X-ray change is associated largely
with moderate to advanced disease16 and there is only moderate
agreement between pain and symptoms and X-ray changes17. Since
the larger study was an etiologic risk factor study aimed at
prevention strategies, early OA was of considerable interest. Not
including X-rays probably resulted in a higher prevalence due to
the capture of early OA cases prior to the development of radio-
graphic change e cases that would have been classiﬁed as false
positives had X-rays been used. Wu et al., in a study using a vali-
dated outcome instrument for knee OA based on arthroscopic
visualization, suggest that the ACR clinical classiﬁcation criteria can
be used to identify patients with early articular cartilage loss before
any radiographic changes are evident16. Recentmagnetic resonance
imaging (MRI) studies have supported this, reporting that many
people with knee pain have OA on MRI even though they may be
KellgreneLawerence grade 0 or 1 on X-ray18,19. However, it is
probable that the false positives include not only subjects with
early OA not captured by the ACR criteria16, but also other causes of
hip and knee symptoms. Likewise, false negatives may have been
those with early disease that had not received a medical diagnosis
of OA. This may have occurred because they had not yet been to
a physician to receive a diagnosis, had forgotten or misunderstood
the diagnosis, or despite attending and receiving an X-ray, were
incorrectly diagnosed since they had early OA prior to X-ray change.
The other signiﬁcant limitations relate largely to generaliz-
ability. The validation sub-study was performed among a relatively
homogenous population e older well-educated Caucasians with
a high level of literacy from a socio-economically advantaged,
urban area with easy access to insured medical care e the latter is
important because we asked for a medical diagnosis of OA. Subjects
from remote non-urban areas or from countries without public
health caremay not have such access andmay not receive amedical
diagnosis as readily as those in this validation sub-study. Subjects in
both the larger PAJH cohort and the sub-sample were Internet
users, who typically are of higher socioeconomic status and
demonstrate health seeking behaviour20. At the time of the base-
line survey, about 50% of Canadians in this age group used
the Internet (Statistics Canada). Use of our method of caseascertainment by future researchers may not be as effective in low
income and less educated populations or in countries without
national health care e all would tend to decrease access to medical
care. We did not study persons under 45 years of age and there is
some evidence that there are age effects on measurement proper-
ties of self-report items on joint health. We did not have sufﬁcient
numbers to assess validity by co-morbidity status reliably e some
previous data suggest that mood can effect case deﬁnition by
lowering speciﬁcity14. While not generalizable for all future uses,
our ﬁndings are relevant to the broader cohort study in which this
study was nested, with a population generally similar to the sub-
sample.
The deﬁnition of knee and hip OA in epidemiology depends on
the purpose for which they are used. Nevitt has suggested that
a single deﬁnition of OA may be neither feasible nor desirable for
epidemiological research, and that the tradeoffs between validity,
reliability, and practicality will depend, in part, on the design and
research question of a particular study21. The most appropriate goal
is to strive for a high standard of clarity and simplicity and detailed
description of measurements and criteria within each study, so that
deﬁnitions can be applied reproducibly across studies21. For
example in large epidemiological studies of disease aetiology,
questionnaire assessment of OA may be the only practical means
for disease ascertainment22.
Conclusion. In this sub-cohort from a large Internet-based
epidemiologic study, self-reported medically-diagnosed hip and
knee OA correctly identiﬁed most cases and non-cases of OA
compared to a gold standard of ACR clinical classiﬁcation criteria.
The ﬁndings provide evidence that these questionnaire case deﬁ-
nitions have utility for identifying hip and knee OA in community
and population-based studies when the purpose is to link potential
risk factors with knee and hip health.
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